Summary. In vitro fertilization technology consists of the selection and fertilization of
Introduction
The human and animal reproductive technologies (from the maturation and fertilization of oocytes in vitro to the cloning of animals) have been particularly intensively developed in recent decades. The basic object used in the procedures of these technologies is oocytes. The quality of oocytes has the greatest influence on results of the monospermic fertilization, early development, and implantation of embryos. Therefore, the quality of oocytes can be a determining factor in the fertilization of oocytes, culture of highquality embryos, and treatment of the infertility. The aim of this article was to review the morphological criteria, determining the quality of oocytes.
Oocyte meiotic maturation
Maturation of oocyte includes two interrelated processes: maturation of nucleus and cytoplasm.
Mammalian oocytes are seen within ovarian follicles at the diplotene stage of the first meiotic prophase.
Under stimulation by the excess of pituitary luteinizing hormone (LH) in vivo, the oocyte reinitiates meiosis. The nucleus of oocyte changes its structure. The nuclear membrane of oocyte disappears (1) . The microtubules become organized into a bipolar spindle, and all chromosomes align at the cell equator. The first meiotic division continues in oocyte; after this division, the first polar body separates, and it enters the perivitelline space. Then the second meiotic division takes place and stops in the metaphase II. This process is known as the maturation of oocyte nucleus (2) .
In order that the oocyte would be successfully fertilized and a new body would develop, the nucleus and cytoplasm of oocyte must be mature at the same time (2, 3) . If the cytoplasm of oocytes is immature, the embryo cannot develop normally after fertilization (4). To date, only one method is known to determine the maturity of oocyte cytoplasm. This is the observation of oocyte fertilization and embryo development in vitro (3) . Therefore, the influence of various environmental factors and maturation media on the maturity of the oocyte nucleus and cytoplasm in vitro is assessed only by the number of fertilized oocytes and developing embryos.
Influence of oocyte quality on embryo development
Sirard et al. (5) pointed out the influence of the oocytes quality on the resumption of meiosis, cleavage of zygote, embryo development to blastocyst stage, the uterine implantation, and healthy offspring birth. Cytoplasm changes, which accompany the oocyte growth, include mRNA transcription and protein synthesis (6, 7) . These processes are necessary for the meiotic maturation of oocyte, activation of the zygotic genome, and blastocyst formation (8, 9) . Oocyte is a complex cell with many organelles, each of which must be in the appropriate state for the maturation of cell (10) . Any dysfunction or dislocation of oocyte components, such as meiotic spindle, cortical granules, or mitochondria, can decrease the oocyte viability and has a crucial impact on embryo development and quality (11) (12) (13) .
The scientists considering the importance of the oocyte quality in the development of embryo have started intensively to search for reliable criteria, which were divided into morphological, cellular, and/or molecular. In this article, we will review the morphological features, which are traditionally used to determine the quality of oocytes (Table 1) .
Morphological criteria of oocyte quality
Before the fertilization in vitro, the quality of oocytes is usually evaluated according to the structure of cumulus-oocyte complexes. This method is simple and gives information about the quality of oocytes.
The quality of oocyte can be determined more specifically by the evaluation of the characteristics of cumulus-oocyte complex structure, oocyte cytoplasm, polar body, perivitelline space, zona pellucida, and meiotic spindle at the same time (14) .
Cumulus-oocyte complex
The cumulus-oocyte complexes collected from ovarian follicles are classified according to the compactness of the cumulus and characteristics of oocyte cytoplasm. For example, the bovine cumulusoocyte complexes are grouped into three categories of quality:
1. Category A cumulus-oocyte complex. Oocyte is surrounded by a compact cumulus consisting of at least five layers of cells. The oocyte cytoplasm is almost transparent, homogeneous, or a dark ring is seen on the periphery of cytoplasm.
2. Category B cumulus-oocyte complex. Cumulus is less compact. Oocyte has a dark, slightly granular cytoplasm.
3. Category C cumulus-oocyte complex. Cumulus cells are expanded with a dark cytoplasm. Oocyte has a dark, granular cytoplasm (15, 16) (Fig. 1) .
Some scientists reported that the oocytes, which are in the cumulus-oocyte complexes of category B, showed the highest developmental competence. After in vitro fertilization, more oocytes developed from the category B cumulus-oocyte complexes than from the category A and C cumulus-oocyte complexes (B>A>C) (17) (18) (19) , but the reasons for this phenomenon are not clear yet. The number of the cumulus cell layers is a significant factor in determining the quality of oocytes. It is reported that the oocyte quality is better when the oocyte is surrounded by more layers of cells (15, (20) (21) (22) . We did not find any data in the available literature about the grouping of human cumulus-oocyte complexes according to the quality.
Cytoplasm and polar body
Before the intracytoplasmic sperm injection, after the evaluation of quality of the cumulus-oocyte complex, the cumulus cells are removed from the oocyte. This provides more opportunities for more accurate assessment of oocyte structural features under the light microscope. The cytoplasm of human oocyte is classified according to coloration, granularity (large or small granules; homogenous or clustering distribution of granules; in center or in the periphery of oocyte), size of perivitelline space, and distribution of organelles (vacuoles, endoplasmic reticulum).
According to these morphological criteria, human oocytes are classified into: 1) normal oocytes, 2) oocytes with extracytoplasmic abnormalities (dark zona pellucida and large perivitelline space), 3) oocytes with intracytoplasmic abnormalities (dark or granular cytoplasm and cytoplasmic fragments), 4) shape abnormalities, and 5) oocytes with multiple abnormalities (23) (Fig. 2) .
Some studies have revealed that the embryos developed from the oocytes of normal structure (Group 1) undergo the best uterine implantation. Oocytes with intracytoplasmic abnormalities fertilized worse, and a high frequency of aneuploidy was found in many cells of the developing embryos (aneuploidy is defined as an abnormal number of one or more chromosomes) (23) (24) (25) 27) .
Nagano with colleagues (28) studied the relation between cytoplasmic features and development of bovine oocytes, derived from small tertiary follicles, after fertilization. They found that a dark cytoplasm indicated an accumulation of lipids and good developmental potential of oocytes after in vitro fertilization. They found that a light-colored cytoplasm indicated a low density of organelles and poor developmental potential. A black cytoplasm indicated aging and low developmental potential.
Morphology of the first polar body indicates the postovulatory age of the human oocyte. The degeneration of the first polar body shows the aged oocyte (29) . Some morphological criteria of the first polar body such as the shape (round or ovoid), size (large or small), surface (smooth or rough), and integrity of cytoplasm (intact or fragmented) can be used to predict the oocyte quality (30, 31) . Oocytes with a fragmented first polar body developed worse (55.1%) after fertilization than those with a normal polar body (60.3%) (24) .
Perivitelline space and zona pellucida
The perivitelline space of human oocytes may vary in size (enlarged or not) and content (presence or absence of the grain) (24, 32) . It was estimated that oocytes with a large perivitelline space developed worse after intracytoplasmic sperm injection (37.5%) than those with normal perivitelline space (60.3%) (24) .
Oocytes, which had the large grains in the perivitelline space, developed worse (59%) after fertilization than those without grains (71.1%) (32) .
The thickness of the zona pellucida varies from 10 to 31 μm. It is not related to the cytoplasm diameter. The thickness of the zona pellucida influences sperm penetration. The oocytes are fertilized best in vitro when the thickness of the zona pellucida was less than 18.6 μm. The thick zona pellucida (22 μm and thicker) could be an indicator for the use of transplantation of embryos produced by intracytoplasmic sperm injection for infertile patients (33) . The thickness of the zona pellucida had no influence on the embryo development after intracytoplasmic sperm injection (34) .
Meiotic spindle
Meiotic spindle has a significant influence on the correct alignment of chromosomes in the oocyte and their segregation during meiosis. Parameters of meiotic spindle (location and refraction) are often used to determine the quality of oocytes.
Meiotic spindle is studied by a confocal microscope, after the fixation and staining of oocyte with some fluorescent dyes, and this causes the death of oocyte. Therefore, in the previous experiments of intracytoplasmic sperm injection, the angle of the needle was adjusted in relation to the position of the first polar body to prevent the injury of meiotic spindle and chromosomes. However, the location of the first polar body is not a specific indicator of position of the metaphase spindle in oocytes (35-37).
Nowadays, the meiotic spindle can be examined and its location can be determined by means of polarizing microscopy avoiding the damage to oocyte. The birefringence of meiotic spindle can be studied by a Polscope microscope (Polscope, Cambridge, MA, USA) (Fig. 3) . The scientists estimated that the oocytes with birefringent spindle had higher developmental potential after fertilization in vitro or intracytoplasmic sperm injection than oocytes without birefringent spindle (37, (39) (40) (41) (42) . Moon et al. (2003) estimated by Polscope that the location of meiotic spindle could vary in oocyte (Fig.  4) . Therefore, it can be damaged when the "blind" intracytoplasmic sperm injection is made into human oocytes. However, no relationship was found between the deviation of the meiotic spindle from the polar body within oocytes and oocyte developmental competence (37, 40, 44) . Battaglia et al. (1996) reported that the number of oocytes with spindle abnormalities (abnormal placement of tubulin) increased with increasing women's age (40 year olds and older). This abnormality determines displacement of one or more chromosomes from the metaphase plate during the second meiotic division. This process is a contributing factor to aneuploidy in the cells of embryos (43) . It was proposed that the meiotic spindle disrupts in the "old" oocytes (37) .
Therefore, the precise analysis of oocyte morphology, in combination with spindle visualization using the Polscope, could be an informative, noninvasive, and reliable factor in the evaluation of oocyte quality and embryonic developmental competence.
Conclusion
Before any manipulation procedures and fertilization of oocytes, the quality of oocytes must be estimated exactly, because this has a high influence on embryo development. The suitability of oocytes for fertilization in vitro must be estimated most precisely using a complex evaluation of the characteristics of cumulusoocyte complex structure, oocyte cytoplasm, polar body, perivitelline space, zona pellucida, and meiotic spindle at the same time.
Fig. 4. Different location of meiotic spindle in oocytes (40)
A -oocyte has the spindle located under the first polar body; B -oocyte has the spindle located between 0° and 60°r elative to the polar body; C -oocyte has the spindle located between 60° and 120° relative to the polar body; Doocyte has the spindle located between 120° and 180° relative to the polar body; E -oocytes had the spindle located exactly at 180° relative to the polar body; F -oocyte has no visible spindle. PB -polar body. Arrow indicates the spindle. Bar, 50 μm. 
